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In  an  affort  to  deter^nlne  significant  faotore  ralatlng 
to  the  chrlakag*  loesei!  tknd  th«  ktaplng-  quality  of  t)«af, 
tb«  Anlml  Hnrl)andry  tvnd  the  Chasiietry  japttrtisonts  of  tha 
JCansaa  rtat*  Collsg*  have,  oT«r  «  period  of  i?ever.u  years, 
ran  extenelve  teetr  on  the  aeat  of  Oi^ttle  of  deflnltel/ 
oontrolled  feeding  reglae. 

Aaaag  the  teste  oondnoted  naf  be  IlPted: 

(1)  Xoaghneaa.  or  shear,  of  fraah  and  ripened  aaaples. 

(2)  Bleotrloal  HepistaAoe* 

(3)  ?eroeatage  of  total  water  lort  In  itora^. 

(4)  Sarfaea  Jlatrlbutlon  of  rhrlnka«e  lore. 

(6)  lUnaral  ^nalyale.  (Sodlnm,  Calolnm,  eto. ) 
(fi)  Oollafren  and  iilaetin. 

(7)  reeplnp  Sharaaterlotlcp. 

(8)  Turbidity  of  aqneoue  extraot* 

(9)  Falat%blllty  teste. 

(10)  riae  of  Colloidal  Partiolea. 
It  la  with  the  laet  oientloned  phaae  that  thla  work  la 

oouo«*rned,  the  meaanreaeat  of  the  else  of  the  ooXloidal 
partlolee  of  the  meat.  It  wae  with  the  hope  of  aorrel<itlng 
thla  faotor  with  the  other  properties  of  the  beef  that  thaaa 
■aaaaramenta  were  a.:dortalMn. 


n 
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»•  tariB  "CalXoldal  ftwtlolep  of  the  B««f"  it   toot- 
•hat  Tags*.  Ih«  meaning  of  that  tent  as  here  employed  as/ 
better  be  naderetood  by  analogy  to  a  luiep  of  rugar«  Clea 
ly,  the  lump  of  eurax  Ir  not  »  eryrtal.  But  if  It  be  morm] 
olotely  exaolned  it  »ill  be  foimd  to  oonrirt  of  email  orye- 
tale  oloeely  aatted  tofruther.  It  ir  the  saall  indlTidual 
•ryetal  »t   sugar  that  oorrerpondr  to  the  "Oolloidal  Parti- 
ola"  At  th*  Heel,  it  le  the  arerage  also  of  th*M  aaall 
oryatale,  whioh  together  make  up  the  whole,  that  any  be 
likened  to  the  "partlole  else"  here  to  be  measnred.  Col- 
loidal partioles  ure,  ao  a   rale,  of  a  oagnitade  of  10"^ 
to  10~*  oentisetera,  while  the  wave  lenpth  of  ordinary 
light  la  a«iM  ten  tiaee  as  great,  /or  thie  reason  TienaX 
or  miorofoopio  oathode  of  .aeaeuremant  are  of  no  arail. 
Other  methoda,  direot  or  indlreot,  maat  be  employed. 

aoaatgan  raya  (X-rays),  elnoe  thay  ore  akin  to  light 
azaept  for  a  wave  length  mafmitude  of  10"**  oentiaeters,  are 
a&pafcle  of  belag  dlffrosted  by  partiolep  of  oolloidal  8la«« 
Thaaa  raye  beoaasa  of  their  paoetrutlng  power  may  be  aead 
to  etudy  siateriala  in  their  original  state  of  aggregation, 
i.e.  without  eztenelve  preparation  of  the  sample.  The 
method  of  meaeorement  by  dif fraotlon  is  a  more  direot  and 
generally  applioable  method  than  thoee  baeed  upon  adrorp- 
tim,  ooTering  power,  or  other  properties  oharaoteriptie 


of  tlM  iMterlal  iMing  studied.     In  addition,   th«  X-ruf 
iMtbod  KiT«e  isfonaatioB  as  to  tho  oryttallino  •trnotnro  of 
tlM  MUkplo  that  no  othor  aothod  oan  RiTe.     It  la  for  thoMi 
rea«on»  that  tho  X-ra^  diffrtiotion  .aethod  If  here  employed. 

X-aa^  in  General 

Beentgen,  in  199S,  vhile  workln^r  with  oathode  ray 
tnhee,  dieoorered  the  rayn  »hloh  «ere  later  to  1>ear  hit 
naiae.     There  rix^t,  ifvoduoed  wbaroTer  oathode  rajre  ore 
■topped  t(7  gutter,  were  inrirlblc  and  poFeeerad  aujiy  prop- 
erties oomon  to  ultra-violet  light.     They  exoited  photo- 
eleotris  effeotr.  eaaeed  fluoreeoenee  in  aan^'  fltaterlalii, 
and  affeoted  photographio  plutee*     In  addition,   these  new 
raye  were  eztreoely  penetrating:,  traarrereinir  the  haaan 
tody  and  even  Pteel.     ^.ttemptr  to  fooaa  the  raye  "by  re- 
fraotion,   to  refleot  thea  from  nirror  earfuoec,  or  to  ob- 
tain intorferenoee  troa  dlffruotion  0T!itin<te  proved  trslt- 
lesa* 

rinoe  that  tine  it  hiis  heeu  definitel/  proved  that 
Hoontfren  r.-iy?  ure  very  rhort  eleotronaugnetio  wavep,  a*  ar« 
visible  liffht  wavec,  and  thut  the  diffarenoea  exhibited  by^ 
thMi  are  (inantitutive  und  not  qaalitutive.     ?he  liaxitr 
of  wave  len^h  of  Jl-raya  are  aoaewhat  arbitrary.     Clark  (9) 


glTce  th«M  llotte  M  from  0.06  to  1019.00  x  10'^  eentl- 
■•tara. 

X>£arB  iB  Crjrat*!  study 

TlM  jrcar  191S  aarka  a  na»  ara  In  tha  ondaretandlnir  of 
tlM  BOlid  »tuta  o£   aatter.   In  that  yeujr,  J^ua  at  tha  Uni- 
▼aralty  of  uunlah  roaroolnfr  from  oryrtallofrruphio  faott 
a«naatad  that  If  oryet&la  wara,  in  reality,  rapnaarly 
■arsha.lla(i  aolaoular  or  atoaio  irroapa,  and  If  tha  na»  raya 
wr*   alaotromafrnatlo  wavaa,  than  (alnoa  tha  a&imitadae  of 
tha  raya  acd  sryatal  lattioa  m*T»   thooirht  to  be  tha  «aaa) 
Interfarenoe  affaote  ahonld  be  avldant  whan  the  raya  imclnjra 
on  a  oryntal  rarfaoa.  This  raasoninc  prorttA   eonnd;  and  as 
a  repult  both  aryet&llofrraphy  and  ."ioant^anolovy  have  been 
plaoad  on  a  flTB  fonndation.  <<ith  tha  faot«  of  diffraotion 
known,  tha  Ftudy  of  tha  inner  ptruotnra  of  oryetale,  and 
indeed  eran  of  the  aoleaula,  wac  becran.  Today  the  laloro- 
atmoture  of  oiany  oryptaln.  dlaienrianF  and  oonfiasrationa 
of  aertaln  noleonla*.  and  tho  oharaoterletiar  of  pore  liq» 
nlda  and  eolutlone  are  to  be  fonnd  in  the  litaratora. 

X«iiay  for  Partiole  ^isa  Uaaanraaant 

A  few  years  later  it  was  pointed  oat  by  jabya  and 
Soharrar  that  tha  sisa  of  fine  partiolee  nifrht  be  meanured 


< 


tgr  th«  UP*  of  x-r«ye.  It  «»•  knows  thAt  a  vl.ei.blo  llpht 
•f  ■MMOkroMktio  ohu-aator  «Dpo«uri>  «>v  a  Bloffl*  lUtOt  abarp' 
«ad  dletlnot.  In  <i  epootropoopo  aslitdr  *   lonr  diffraction 
Kratlnir;  while  tho  pajno  ppootral  lino  boooaMO  Mldor  and 
bXmrrod  as  tho  faratln;  i*  aado  offoatlvoljr  thortor  b;  ooT- 
orln<;  p«rt  of  Ite  longth  with  an  opaqno  nhlola.  fho  abil- 
ity of  a  {tratlns.  prlns  or  lone  ■/•ton  to  irivo  vharp  inter- 
foronooa  (olear  oat  linos  or  laaffos)  Is  known  in  optioaX 
yarlan»o  as  tho  rosolving  power  of  tho  pystoa.  In  o^ioh 
««UM  tho  resolvinfr  power  Is  a  direct  linear  ftanotlon  of 
sotM  dlaension  of  tno  optloal  e  laiposnt  oonoarned.  In  a 
dlffraotion  prating  the  ability  to  erlTe  sharp  speotral 
lines  ie  a  dlroot  fonotion  of  the  total  lenirth  of  the 
ruled  eorfaoe.  If,  then,  the  width  of  a  known  speotral 
lino  from  a  frlTen  ipratlnff  is  MtasBred  the  length  of  the 
frratinff  oan  be  salaulnted. 

Identioal  relatione  exlpt  In  the  X-rny  rlnff  patterns. 
The  Jofeye-roherrer  rlnir  ip  bnt  »  oomiioplts  of  the  interfer- 
•ttoes  prodnoed  by  ixfTl»if   of  extreaely  saall  oolloidal 
yartiolss  of  tho  sanpls,  each  partiele  of  whioh  is  aatlng 
as  a  Roparats  «vnd  indlTidiiiil  diffraetion  frratin«r  in  the 
X-ray  beaa.  It  is  the  width  of  this  ring  whioh  bears  a 
qnttntitatlTS  relation  to  the  size  of  tits  partioles  oanslng 
it,  and  by  Tirtas  of  this  relation  the  aeasareoMnt  of  the 
oolloidal  partioles  booOBSS  possibls* 


jety*  and  r.oli«rr«r  vwra  the  first  to  darlre  the  qnaif 
tlt&tlTe  relation  re^Tarred  to  above.     ''elymkoT,  Br*CK  'uii 
other?  have  »inoe  derived  clmllar  e 'uatloni*  for  the  enm» 
parpoRe*     ?heee  Tarloiit  equ&tlonr  differ  frota  eaoh  other 
r>oae«h»t  in  aake-ap,  bat  oheek  the  orifrinal  Jeb/e-r  oherrer 
derlTation  within  a  few  peroer.t  in  the  colloidal  ranm. 
The  partlolee  in  gold  poIp  thup  nearared  are  phown  by 
Olark  (3)  to  have  di-nenrionr  of  from  twenty-one  to  one 
hcndred  thirty  ^iniretroni  Unite  (lO***^  oentlowtere). 

THiia-i^lTlOAL 

ISBdaaeatAl  X^aatlons 


iiane'e  original  worjc  ralatlnp  to  X-rtiy  interfereneee  • 
troci  erystalp  InTolved  the  oonoeptlon  of  interfereneee  froa 
a  three  dlaeneional  rpaoe  liittloe.  The  reaaonlnfTt  while 
rigoroaely  exaot,  Involves  laatkeoatloal  dlffloaltles  whloh 
are  very  oonvenlently  avoided  ^  the  method  of  Branc  m 
ginn   V  Crowther  (7),  wherein  the  cryptal  le  oonxidered 
•8  a  refleotion  ^atlnf.  By  thlr  oonoept  aay  be  derived 
the  fundamental  law  of  X-ray  diffraotlon,  n^  =  2  d  Sin  •&  . 

This  fundaoental  formula,  alaoet  identleal  to  the 
diffraotion  frratlac  relation  for  vleible  llfrht,  may  be 
derived  in  a  nmmber  of  waye.  The  followlnfr,  from  3rewtherf 
le  among  the  keet* 


Vm   11b«*  pp.  qq.  Mid  rr  (Tsxt  ^ig»   !•}  r«pr«eeut 
three  parnll*!  pXvam*  oS   th*  or/stal,  paoo«eelTe  plan** 
b«lng  d  dlrtano*  anart.  P,?',  ?"  (urc  porallal  X-rajra 

impin^lnfT  on  tlM  oryrtal 
•t  an  anirle,  -O-.  .^t  •uoh  ror- 
fuo*  (lin*8  in  th«  i'i(!:ttr*) 
Terj^  iMuk  rafXeatione  of  the 
raye  will  tiilM  pl^ioo  at  aa 
aoffle  tiqaal  to  the  *agX9    of 
Text  J*'lg*  !•  Inoldenoe;  liut  there  varlone 

refleotlone  will  ludiTidualljr  he  too  weak  to  hare  appreol- 
able  effeot.  Howerer,  where  ref leatione  £roa  the  reriea 
of  planes  relnToroe  eaoh  other  a.  relatlTely  intenne  bean 
will  roFult.  7hi«  reiaforoeiaent  will  ooour  where  the  dif- 
ferenoe  In  path  of  the  rays  froa  paooevflve  pl^uies  is  an 
exaet  anltlple  of  the  wave  lenirth,  l.e*  all  refleotlone 
la  phawe. 

Jrop  ^FH  'oerpendloulnrly  to  qq;  and  draw  J  ■Ber->eDdio- 
alar  to  P'l.  Bew  «lnae  Ji  i»  Trarpendloalar  to  qq  and  angle 
r<*a  and  anirlw  ^i'B   are  equal,  <«*B  eqnals  q*(i*  Sow  tb* 
differenee  la  path  betwweo  ray  P  and  ?*  ie  : 
»»<i«+  ii'ii-Pft  S  P'4'+  ^'I-rB 
s  M 
m  HJl   Sin  ^ 


s  B  a  sui-d- 

Sat.   £or  relnforoeaiant.  this  dlff«raa«*  In  p»th  must  b* 
•qual  to  an  inteitrul  malter  of  wuva-lan^he,  a,  h»no»  tb* 
•qaation  bsoocaoa, 

n;^r  8  d  riDT^  . 

Thie  o^ii^atloa  Ir  to  li«  ooaparod  with  tit«  i^waoral  dif£r< 
grutlng  aqaatlaa  «f  glYMi  by  haly  ID: 

nA=  b  (   ria  i-t-rin-e-  ) 
la  X-rajr  «ork  rlnoo  the  anirlo  of  ijQoi<l«noe  laaat  ia«igr«  IM 
•quiil  to  the  nfljfle  of  diffriMjtion,   th«  1  iind  ^  of  tho 
guiMeml  •(ittutlon  are  oqu^l,  and  the  e':!U»tloii  reduoae  to 

a>:3drine. 
ThlB  derivation  reveale  that  rofleetlon  from  a  oryiti 
will  ooour  only  when  the  oryvtal  let  pet  at  enoh  an  aagla 
to  the  laplnftinr  rajr  tba.t  the  uhora  relation  in  patiefied, 
inoXndlnrr  the  f%ot  that  the  an^le  of  dariation  of  the  pri- 
■ary  bean  Ip  t«ioe  the  imirle  of  diffraotion,  -^  . 

.teaolviflg  ^«er 

1^  the  above  equation  it  ie  oaen  that  oonplete  rain- 
foroement  will  talce  plaoe  only  In  the  dtreotion  whloh 
an  angle  ^  with  the  oryetal.     ObTioncly  then,  at  eoae  angle 
^±dO  interfereuoe  will  ooour  and  the  intensity  will  be 
rednoed  to  sero*     •'hat  faotors  influenoe  the  value  of  the 
angle  2  d^,  within  whioh  band  there  ie  come  repultant  H 


I 


radlatloii?     /or  rwteona  aUoh  «iXl  ka  glT«n  peeevatl^'  the 
line  width  will  )>•  aonpldered  not  th*  dlataiMa  troa  Mro  to 
Mro  int«nf;lty  of  radiation,  but  ruthar  froa  oa»  half  of 
th»  Madam  iat«n»lt^  on  one  Bid*  to  the  eorreppouding 
point  en  the  other  Plde  of  tlie  Daziiam« 

The  phenomena  of  Interferenoe  nuat  b«  ooiiridered  In 
the  lifrht  of  HnyslMB**  prinoiple.     2*ah  partiele  in  the 
sryBtiil  ic  eaelted  by  the  ftrlaary  X*ngr  *nd  cende  oat 
w—ontatTg  «aTelet!>  of  the  B*«e  fraqKenear  oa  the  axeitlnir 
«KV8  and  la  »JJ    direotionp.     Under  oartain  eondltians 
(as  iDdloated  uy  the  ftuida:attntal  avjuatlon)  there  wareleta 
flwr  all  be  la  vhaee,  prodaoim;  tin  intenne  beaa  in  that 
direotlon.     At  nay  other  ttiivle,  reirurdleff^  of  how  olo^e  to 
tiM  an^le  of  reinforoe^ent,  the  ruooeppiTe  vavaa  will  be 
Bliifhtly  oat  of  phase.      If,   then,  the  diffraotinfr  aedliw 
1«>  thtok  enouorh,  aaoh  vKtyelet  will  ^ind  another  axaotly 
one  hnndred  eighty  de«rreer  out  of  phaae  with  it,  and  inter^ 
ferenee  will  be  ooaplata.     If,  on  the  other  hand,   the  dif- 
fruotinR  nyptea  ir  MMawbat  eiaaller,   i^eme  of  the  wareleta 
«111  be  na>ible  to  find  their  oppoxitaly  phaaed  oonnterport, 
and  aoMa  radiation  will  parrlfft*     JTroa  thia  raaaoning  it 
follows  that  the  pharpaaar  of  the  inter ferenoe  la  a  faBO» 
tlan  of  the  thiokneev  of  the  regularly  ordered  eyntea 
oreatin;  the  intorferenoe,  the  oryatal  grating* 


fartlela  riM  £qaationa 


Herein  th*  Above  oonoept  of  th*  — hani aa  of  Ictarftr* 
one*  woeld  liidloate  tlmt  *  pterp  dlffruotlon  ring  from  a 
■M>i)  of  fine  partiolM  voald  laoaa  relatlToly  larpe  piao 
or/ettJL  frt*eiMnte,  while  o.  «iAe,  ))Iurrud  ring  mold  Indi- 
otkt*  a  naall  ntuAer  of  planee  Inrolreii   In  tlie  Interferenoe 
r*aetlon».     joltye  aitd  ^oherrer,  after  whoa  tlu  powder  pat*. 
tettif  hre  muoed,  vere  the  first  to  devlre  a  nttiuitltu.tiTe 
relatiouemr,  between  tho  ^^jimtlu'  breadth  of  the  ring  and 
thft  partlole  ciee*     7bolr  formilb  ie  frl'ven  i^e  folXowr: 


£(foherrer)  "  « i-^^     *     -4" 


•here  £  ie  the  iinguXiir  breudth  or  th«  rln«r  In  radian*,  A 
ie  the  «aTe-Xength  of  the  ;aonoohroaatla  Ji-rny  uped,  J  ^' 
the  diaaether  ol  the  eolloldul  partlole  or  or/etul  frog- 
■eat  in  <uagetroB  Unite,  ▲  the  au^le  of  deTlatlou  of  the 
priaaigr  ray,  and  1^  is  a  oooetunt  depending  on  the  p^tlou- 
lar  equipoent  aeed.  Xhe  writer  tuxB   not  eean  the  aerlvatlon 
of  thie  foraala,  bat  It  appeare  eiiaiiar  to  the  "itreadth  of 
Speotrua  iiine*  foroula  a«  giTen  by  £al/  ilJ. 

hreadth  of  iine(  toye-lennth.' )  =  _L.  •  /^  a  .  .^ 

IT    ^   rr       ^ 

Sel/iUcoT  and  Broeg  glTe  eiallar  relatione: 


^(telyultov) 


=       .    / 
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J»(i3ra,9-r)   =     0-«-3 


J 
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vbara  »1X  tcrap  mira  ths  tnaa  eignlfloanoe  ac  In  tb*  Jctajr* 
aiiuution.     Xb«stt  foroalae  ohaok  witUin  u  few  peroont  In  th« 
oolloldtkl  rwigVa 

It  Wbs  bolisvad  there  fonaulae  were  too  InTOived  to 
handle  rapidly  In  t!ie  prei?ent  »orlc,  taenoe  the  writer  under- 
tooJc  to  dsTelop  an  equation  more  tipplla«ible  to  hlt>  pro^lea* 
The  folio»ia«r  i^arantl^  Is  not  new*     IX  Xa  but  a  revision  of 
tite  ctandtuq^  rairolvi;;?  90>nit  forioala  for  diffTaotion  grat" 
ftaga,  ateyteA  te  the  de«(re-r  aherrer  X-ray  rinc  p&tterna. 

It  ^e  >e«n  ebown  that  the  diffraction  frratlng  foriaaX& 
aX-a  i  ("In  1 -f-rin -d-)  redaooe  vihon  applied  to  i.-tas  work 
(where  the  an^le^  of  inolde^oe  and  diffraction  ara  eqoal] 
to  n  A  :  8  d  fin  -9-,  the  fooia.'aantal  I-ray  dlff raotlon  re- 
lation,    aelnff  the  foroer  equation  to/rether  Tlth  the  re- 
rolTlnp  nower  ooncant  of  Lord  :?a7leijTh,  Baly  (1)  develop* 
the  repolTlng  nowor  f  omnia  for  the  dlff  raotlon  prating: 
r  =  f     (fin  1+ Tin -e) 

where  r  le  the  resolving  power  of  the  (prating,  t  the  total 
effective  length  of  the  ruled  portion,  2L  ^^*  *^^*  l^i^rth 
oonoerned,   and  JL  and  ^  of  their  urual   plgnlfloanoe.     Bow, 


by  dofinitlon. 


jL 


.   2  .  ia  «■ 
•     a'  'In  * 


In  tale  evination  if  Vbm  wiv*  l«nKfcli  1»  in  iUMr^troa 
Units.  £  la  tiM  p&rtial*  thioJuMice  in  the  rmm  unita.     Tiia 
•ngl«  i^  lt>  th«  «uaeX«  of  dlf  £r«ction  ( on*  half  t^nglw  of 
total  a«Tl»tlon)«     ton  iina  or  rlug  brauath  le  In  tvruB 
•f  id^.  .  that  ia,  the  diffor«o«e  in  «av«  i0ii«;th  l)«t«M«n 
two  e>uuoe»eiv«  wavaa  «iii(«u  vtooid  Juet  i««  '*r«(K>iv«ii"  or 
abown  mi  eoparata  linee,  wiping  the  f^MapI*  toeimt  ^^Mitaarad 
as  tha  dl/£ruutlu«r  iMdiun  in  >ui  •-rnjr  e))«otrogi-u|>h. 

Vliie  alnlauBi  otuuiga  in  waft^  l.«u<gt)i  oaoapRO'y  for  ttaa 
»lppaarunoa  of  t«o  aapurate 
llnaa  miXl  avldantly  1>« 
Tvry  oloea  to  tiM  dlffar-      A^; 
anoe  batwaan  two  aravar 


Text  rig.   2. 


(c; 


that     would  aantar  &t  tha 

two  pointe  of  ona-half  iMxldtum  InteuFlt/  af  tbe  rlug.     rhls 

will  b«  iau4ti  laora  avoturaut  )>jr  the  adjololni^  dluvrua. 

It  iMcr  be  %%ma  tro»  the  dla^uoa  that  In  oaee  tha  two  wavaa 

are  olorer  togathar  than  thM  dletauaae  batman  polnte  of 

hiaf-aaxiMwa  Intaneity,    ihe  resultant  waTe  fora  eannot  be 


diatin^isho'l  firoa  &  siiigle  inter jadiJLta  wkw  (a),     la  atiW 
tiM  distaoo*  t>ot«een  tha  tvo  auveo  Is  ju^t  •^util  to  th« 
(Ixettuioo  ottiMaa  the  ^laXf-^aaxloaui  iaccasitiae,   th«  liaitlofr 
•oadltion  orltMe  (b).     Shiux  tha  saptiratloa  of  tite  savob  la 
graatar  ttuui  tl»  half-aaylimim  dlctaaoa  tba  azlstsaoa  oS  tba 
tva  saras  baaaaas  aTldoz^t.     tha  exast  ait-^pe  of  eaaa  asTa 
«iXl  tvkTa  raiau  bearlug  on  tlia  result,  but  by  this  radl:aon'- 
tarjr  azpliUMtion  tba  raiuna  bshind  tbo  apparantli'  :^bl« 
tTiuv  aaaBiireaanta  of  tba  "half-brsuatb"  of  the  baaJL  bo- 
coaMS  uodoratandubXa* 

£y  aauaorlng  tba  r^^lua  of  tha  Jabye--oherror  ri^ig  tha 
cpuoa-Iattioe  oonstcuit  (d  la  tba  fornala)  oa^  b«  dtitei-ranad. 
Tbaa  Jcaa^vlng  tba  d,  aiQd  tbo  dlstonoas  froia  tbe  oentai-  to 
tba  polat:-:  of  baXf«lntenplty,   tba  d  A     aay  bo  dataraloed 
by  ro>a?pliaation  of  tba  lam,  n  A  r  8  d  t^la  ^  .     v  laora 
oooroalont  sttithod  of  deteraizilxi;  tbe  d  ?^    ia  to  aake  a 
Srayb  of  ^  plotted  atminat  tbe  dirtunoe  on  the  flla  froa 
the  andeTl'iteii  baoia.     Then  by  diraot  reading  on  the  gr-^pb 
of  tbe    A  'g  oorrofipondlnfr  to  tbe  two  hiilf-{aaxl>3um  dlrtonoea 
froa  the  oontor,   the  d  A    is  determined. 

It  h»8  bean  axperinontally  found  that  with  ell  aaets 
studied  tba  radius  of  the  ring  prodaoed  Ic  a  eonetant,  wll 
in  tbe  limits  of  ezperlauntal  error  (ITna*  radiaa  at  60  m. 
froa  saapla).     Sinoe  tble  uQazpeoted  oondltion  eziets,  uA 


Rtnoa  tha  euM  radiation  war  need  throai^hoat  the  work,  tb« 
te  very  oanvenLantljr 

*  -    a  Tin  4         oT 


u'ooTa  for:aul&  taay  t^  very  oanvenLantljr  ra^inoa:!  froa 


to 


f  r 


a. 


Hitnce,   for  uny  pttrtioular  aaterial  iMlng  etudlad  (iMttt), 
tn«  portidlti  aite  -Any  Ve  d8t«r.aln«d  sltply  by  th«  tts«  of 

tint  litut  oonet-uit  (7.33  lu  the  oaaa  of  aeat)   ojid    cii<«    '  j^ 

ve.  dif  |iliiii>«:at»nt '  Otu-v^. 

TMe  ^atiiod  oX  partisla  uMtaeoroiaeat  aiirfari>  iroui  tn* 
otiier  iaxsnaXa-e  \>j  tho  u?e  of  tba  eine  rathor  Xaaji  th«  oo- 
Bine  iTo^iOblon,   und  t.,    the  upa  of  ring  bre<i.dt)t  ia  tarma  of 

d  <^     irathar  than  radliin  laoatnu-a.     It  hae  baen  oonporovi 
with  th9   je'byd-''oharr«ir  cinl   tha  Bragfr  fonoulas  In  tha 
tKirtiola   !;iza  ron^tta  hora  anooniitarad,   and  roond   to  ahaok 
than  &8  veil  ao  they  ohaok  3i.oh  other. 

ueasuraiaant  of  King  jiraadth 

■I'Xth  tha  Johye-roharror  ring  p»tternc>  At  hand  and  tha 
partlola   rlza  e,}uatlond  ^  aiattax*  of  oholoa,    t)iara  roiMiiui 
a  Tery  Importunt  phase  of  tha  woric  yat  to  be  dona~tha 
aotuuX  ttuaeuraomnt  ox   tha  araadth  of  tha  band  at  half-iMtz<<! 


r 


iomrn  Intanrlty.  Aa  a  first  stap  In  this  !Masar*a«at.  th« 
InfenMtioJi  oontainud  on  t)i«  X-r^   film  cmt)t  )>•  oonrortad 
into  n   ourva  for  Btndjr.  7hla  oorve  aa«t  alMW  the  r«latlv« 
i.itanalty  of  tbo  radiation  striking  the  flla  at  a'iati  point 
alaoi;  ^u]y  ohossn  radius,  for   thie  parpone  a  ;aiaro-p])Oto> 
■•tsr  npin(^   a  photo-Hilsotrlo  Mil  was  e!ni)loye<l  ("se  ?l(i:<8)« 
Tery  o^vlounly,  froct  the  «xpar l-aoutal  ourTe  tluis  o'btalnsd 
(ifig*3}  It  iippttars  that  ths  ring  Ic  not  alon*  on  the  film, 
Imt  it   sapcrlrapoF^d  on  >%  more  Intense  baokgronnd  of  eoiM 
otlier  origin.  The  ring  breadth  Oiumot  he  measured  until 
the  nature  of  the  haokgronnd  la  ftalljr  nnderptood. 

Ulose  eorutlny  of  the  coaplete  aFcenbly  ured  xhen  the 
piotnre  ims  titkea  (^Ig.l)  reveals  other  posrlhle  eouroep 
of  radiation.  /Irst,  the  lntenc?e  Xorajr  bean,  of  «hloh  only 
a  very  email  part  le  diffracted,  penetrates  the  meat  and 
Impinges  on  a  small  lead  oup  on   the  film  holder.  The  ray 
is  Tery  effsatlTely  stopped  b.  the  lead,  and  doe*  not  r—art' 
•n  the  film,  flie  be«a  in  its  passage  from  the  meat  sanple 
to  the  lead  aup.  hoeever,  traneverpes  five  oentimeterr  of 
air.  7he  air  isoleaules  straoJc  by  thip  po«erf\al  beam  are 
ezaitea,  and  eaeh  osleeule  In  the  path  of  the  primary  ray 
kmmwMB  the  oenter  for  the  emission  of  seoondary  reidlatlon. 
The  seoondary  rayp  reaoh  the  film  ai^  leave  their  reoord. 
Iilkeviee,  the  IndlTldual  aoleonlee  of  the  meat  sample  also 
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keoeae  easondary  radiators,   tiait*  &VirX  and  Indvpendent  of 
th«  dir«ot3}  radiation  of  the  diffracted  ra^r.     7he  rajra 
tlMre  a«at  out  tlao  flad  their  aork  in  the  photograpMo 
film.     On  the  ajie  fiXa  then«  presaaably  osot^inlag  only  the 
diffraotioa  rin;  of  th*  aafflpli  ^slas  etadied,  ixr*  found  the 
eoaalatlTe  effoots  of  at  le:^»t  th«f>a  three  ve^ar^te  and 
ditptinot  sooroee  of  radiation.     Uiu:  the;  %•  eepftrtitod  and 
xtadied  IndividaalljrT 

A^-^8utt«^iag  2aa.ttian»     To  sxtIto  at  the  ofJTeot  of 
air  alone,  &  photograph  uu^'  Ve  aada  aelnjc  no  taaple  orer 
the  pinhole,     this  prooednre  giree  a  definite  pattern,  «hiah 
when  mn  on  the  aioro-photo.-aetair  ehowe  graptaioall/  the 
effeot  of  the  air.    l»at  the  i^beolnte  ai»^nitttde  of  thie  "air 
aarrc"  will  depend  on  the  rate  at  iriilob  the  tate  «as  oper- 
atincr,  the  fila  need,  the  deTctlopinj;  rolstionc  and  tiae, 
the  tioe  of  the  run  and  th»  lateneity  of  the  li^ht  need 
la  Vhm  siio.  o-phatoaeter.     7b*  ezaat  ehay*  of  thie  air  oorre 
wgr  better  be  derivtid  h-j  the  netbods  of  o&lealafi. 

In  Text  /ienre  3  the  dlffraetion  aeaembly  ia  rhoan 
in  akeleton  font*     The  iC-rajr  betua  United  b7  the  pinhole 
agretem,  atrikea  the  aeat  caaqpla  and  thanoa  prooeed;  through 
the  air  to  ite  etoppiue  plaoe  in  the  lead  oap  on  the  fila* 
lia«,  the  Inteneity  of  the  air-aoattered  rajr  at  any  point 
on  the  fila,  2  i  "^^^  ^  ^^  enamtion  of  the  intenrity  of 


30 


&11  the  narsB  reaoblofr  point  x  frori  th«  air  aolasnlac  along 

the  Iln«  of  propa^ratloa  of  tlw 
vrtmnxy   ra^v,  t.«.  th«  T-axls. 

Aleo,  the  latanrlty  »t 
the  film  of  radiation  froa 
any  moleoula  of  &lr  »111  ho 
dlrootl7  proportional  to  tho 
*ln«  of  the  unirlo  of  inol* 
denoe,  lnTer»«l,v  nroportloaal 
to  tho  dlrtanoo  f>qnure<l,  aiiA  i 
dtreotljr  proTMrtlonal  to  a 
radiation  oonftant  a  of  tho 
■oXooolo  InvolTod.  Menoo, 

Eattlng  tlM  llalte  of  Intogratlon  as  they  are  In  praotloe 
at  0.00  and  4.96  oontlaeters,  and  OTalnatlnp;: 


fast  fig,   3. 

I, 
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■f-A' 


21 


This  laat  •qu&tion  wire*   the  Intensity  of  blaokenlnit 
on  tb*  A-ruy  flint  at  «my  dietunoe  x  from  th«  nnderlatcd 
oantral  b«aa  vliioh  aajr  t«  traoed  to  the  eoatterinfir  effeot 
of  the  air.  fhe  eTalnatloa  of  the  oonetant  a  will  depond 
upon  the  partloalar  oondltlonr  under  irtiloh  the  photoftraith 
■ar  taken  and  the  unite  oboeen,  but  (  ue  will  be  Men  later) 
will  be  oonnidered  only  relative  to  the  other  ▼alnee  to  bo 
determined. 

Of  primary  interest  ie  the  oheok  the  above  eqnatioa 
affordP  for  both  the  X-r^/  and  loiaro-pbotoaetrio  teohniquo 
bore  employed.  :^periiaental  oarvee  obtained  fron  the  air- 
coatterlnR  alone  when  platted  to  the  omm  aval*  und  on  tho 
eaiM  paper  aa  the  above  equation  agree  with  it  ootapletely, 
within  narrow  li^tP  of  exper iiaental  error  (Too  ^"10.9 J. 
AiBorphouF  .,iej.t  'pattering  j'^guatlon.  Very  plmilur 
oonriderutionr  obtain  in  the  oaloulation  of  tba  aaorphone 
eoatterinfr  froa  owat.   In  thlc  oar«  the  liaiitp  of  in- 
tegration are  froa  4.95  to  &.00  oentisteterp,  and  the  radia- 
tion oonetaat  will  be  teroed  "b". 

"     -if."* 

IxUeati-  -b  fc^^yf^    ^ 
'*<"***^  '  y  34.6^  A*  ""  y26.0-i' 
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7hle  last  equation  glyee  the  Inteneity  of  blaokenlng 
on  the  ^-ray  film  at  any  dlEtanoe  z  from  the  nndevlated 
central  beam  whioh  ntay  be  traoed  to  the  coatterlng  effect 
of  the  air.   Ihe  evalnation  of  the  oonetant  a  will  depend 
upon  the  partloolar  oondltloni?  under  wbloh  the  photo^aph 
«ar  taken  and  the  unitE>  ohoeen.  but  (  ae  will  be  seen  later) 
will  be  ooneldereii  only  relative  to  the  other  values  to  be 
determined. 

Of  primary  interest  ie  the  oheok  the  above  equation 
affords  for  both  the  X-ray  and  mioro-photoaietrio  teohniqao 
here  eotployed.  Sxperimental  ourves  obtained  from  the  air'* 
roattering  alone  when  plotted  to  the  eame  eoale  and  on  tho 
Fame  paper  ae  the  above  equation  af^ree  with  it  completely, 
within  narrow  liiaite  of  ezperiiaental  error  (Seo  i'lg.9}. 

jjjaorphone  Leat  f  pattering  >^quation.  Very  similar 
oonFiderationc  obtain  in  the  ouloulation  of  the  amorphone 
eoattering  froa  aeat.   In  this  oare  the  llaitp  of  in- 
tegration are  from  4.95  to  5.00  oentlmeterp,  and  the  radia*' 
tion  oonstant  will  be  termed  "b". 

^    J4-,9i 
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it  will  be  noted  that  in  the  ori«rinal  intei!;r8.tlon 
one  baaio  aeeoaption  ««•  that  the  aoleoalo  beoontee  a 
"oenter"  of  radiation,  that  is,  it  radiator  «ith  a  or  ^ 
intensity  in  all  direotione,  upon  boing  exoiter!  by  the 
priaary  beaa.  Thi»  ie  not  in  reality  the  ease  (7,6). 
SeoenAary  radiations  are  eaittad  in  all  direotione  froia 
a  body,  but  not  ut  e:)ual  intenelty  in  all  direotlonr.  Thie 
erreneour  a8ma|>tion  does  not  invalidate  the  reli^tionp  de- 
riTed  in  the  oaee  of  the  air>soatt«rin(r«  This  in  beoaape 
of  the  faet  that  where  the  aoirle  of  roatterinp  la  far  frea 
the  iwdiaa,  either  the  irreater  dietanoe  to  the  film  or 
the  aaaller  anirle  of  inoidenee  mimlaisev  the  effeet.  <(ith 
the  ■eat-eeatterinir  thie  oondition  doee  not  obtain,  as 
eaoh  point  reoelTes  Ite  total  radiation  at  a  Tory  nearly 
oonptant  anirle  to  the  oentral  boaa  (Text  /iR.S). 

7he  unequal  radiation  doee  beeoae  appreolable  in  the 
oaee  of  the  neat,  and  a  oorreotion  faeter  (/ig.4}, 
Aepending  on  the  anfrle  to  or  dlpt'^inee  froa  the  oentral  bean, 
■net  be  applied  to  the  oaloulup  e^iuation.  7he  deteraination 
of  thir  fo-oalled  "poattering'faotor"  involved  the  are  of  a 
oiroalar  vaonoa  oauiera  declined  eapeolally  to  avoid  all 
pouroea  of  radiation  exoept  that  due  to  the  aeat  eaaple 
alone.  The  ooaplete  eiuation  for  the  aaorphone  aeat  eoat- 
tering  ie: 

ix  / b _    b    "]  .  r.j». 


^  84. b+  .1,'      rsFi 


It  vixi  b«  found  oomrcnleat  to  ooneiiler  ths  air  and 
ijAorphoaii  owAt  eoutteriog  Bot  reparatoly  tat  togetluir  »lMa 
tiM/  are  to  b«  rabtr&otad  frou  the  ooaplex  ourr**  belnfc 
aaaeursd.     la  ahat  propartlonF  rhould  ttia  two  oorTte  b« 
aAdcd  to  giv*  tbo  tru«  bae*  llo*  upon  »M.ah  tho  J«b/o» 
fsltarror  ring  le  niporianopod?     Tbs  anwwr  to  thla   laoetlon 
«aa  not  round  in  tho  litaratuxo,  nor  wan  It  dotorainod  toy 
tiM  inritor*     i^  Ugioul  arnuaptlon  to  raalce  Ip  that  th*  radia- 
tion oonotantE  i>ra  dlrootl/  proportional  to  tho  doneXtlor 
of  tho  two  iMterlals: 

a     :  _b_     ::  ^nelty  of  air  ;  Jonsity  of  aoiit 
TUa  nBasiiiptlon  •&■  aado,  and  hac  ¥««a  aood  throcghout 
tho  work.     fh«  ratio  of  tlM  dencltles  was  doternlnod,  |rlT- 
Ing  b  a  Tain*  of  one  thourand  tlaMt  a. 

Slnoe  the  eoattering-faotor  of  the  meat  le  not  known 
mm  a  fimotlon  of  X,   It  «aii  thought  b«pt  to  ooabine  the 
two  ourvee  grapkloalljr.     7his  wan  dons,  and  tHa  reeultant 
anrre  (when  reduoed  to  the  proper  aoale)  beooaee  the  ba«« 
Xlae  upon  whloh   til   the  -nartlole  pi^i^e  aaaPura'aentF  depend. 
It  le  upon  thl»  IntenM  buokground  that  the  regularly 
diffracted  rajre  froa  the  oryatal  lattloe  of  tha  aaat  are 
mperiApoFed* 

Kffeot  of  lieterogeneouB  A.--<ay.     Thua  far  the  prlaary 
X-ray  beaa  h^e  been  aara^ied  to  be  a  pure  oonoohrooatlo 
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radiation.  Thle  1».  nnfortunatel/,  not   th«  oas*.  Jeaplta 
optratlJip  th»   tab«  at  optiaoia  Toltaffa  and  usUii;  oarefBlly 
••leatfld  filter?,  the  tot&l  •&»£&-  o^  the  ray  1b  f«r  froa 
belof;  oouoontr-jitaa  In  the  lauedl3.te  Tlolnlt/  of  the  i.^  Iln* 
of  oopper,  ut  1.641  .^ni^stroa  Unltr.  Th«   derivation  of  ths 
foroKOlog  o^uatloa  for  th«  air  tmd  a*at  Mattering  were  not 
aonowraod  with  tb«  mve  loastb  of  the  ezeltlnft  beaia,  bad 
heoM  rwaain  T»lld.  £«t,  whore  the  radiation  le  dirooted 
toward  tho  flla  aocordlng  to  tho  law,  n^  r  2  d  rin-&-,  tho 
purity  of  tho  rujr  ie  of  prliaarjr  loportBaos.  Ootaplete 
purity  of  the  ray  oan  only  he  olorely  approoohed  hj  re- 
fleetlnp  the  prlaary  radiation  froa  a  orytitiil  mtrfaoe,  and 
then  only  at  the  alaoat  prohlbltlTe  expenee  of  Intensity. 
7hl8  proo«dure  wti.s  not  eaployed.  henoe  the  heteroftecelty 
of  the  ray  mart  be  taken  Into  aeoount  la  the  laterpretatloa 
of  the  resultant  patterns. 

Bf  Means  of  -in  erolllatiap  podina  ohlorlde  er>c>tt%l 
vpeotrofraph  the  exact  oharuotar  of  the  radiation  wur  de- 
teralned.  The  total  radiation  aae  then  divided  into  inore- 
•eate  of  finite  aldth  ( inoreaantir  between  1.0  and  1.1;  l.l 
and  1.8;  1.2  and  1.3  .lOfetTtM  Unltp,  eta.)  and  the  eaerfiy 
repreeeateu  by  aaeh  iao  eaeat  oeaeored  ( If lg,b),     9y  aesiLalnf; 
a  definite  else  partlole  of  known  «>'uoe-lattlae,  the 
effeat  of  eaoh  InoreaMnt  on  the  flla.  both  as  to  relative 
intensity  and  looation,  may  be  plotted,  by  plottln»r  on  one 


gra^  ill  <3t   tha  rlntra  vbloh  «*Bld  ba  prodased  Vy  tb*  ia- 
«r«ieati,  aoab  «aT«-leagth  Ino:  aaant  aonsXdared  aotlag  in- 
dapandantl/  o-  the  ottMre,  and  than  hy  aoohlnlnj;  th«i>«  Into 
*  reenltant  oar-re,  the  eiiape  of  the  onrra  that  aay  be  ex- 
poeted  nslne  the  pakrtleul:Ar  X-^ajr  hsoa  Jtnd  partlole  b1s« 
will  be  obtalaod  (J^lg.lO).  Repetition  of  tlUs  prooeiure, 
asaoaUiHr  various  partlole  pizee  ra^otlne  with  tha  knawi 
r«^,  faanlAheF  lata  b^  whiob  to  oonetrttot  a  "rtrlppiog'* 
eorre  (j;'ie.ll).  ig  tbo  uee  of  this  "Stripping*  oarre 
th«  pattern  obtained  volag  the  adzed  ra/  av  be  stripped  or 
pared  down  to  tha  oarre  oorreeponding  to  tho  pure  Z„^ 
radiation.  Kwal  nation  of  /igaree  10  and  11  will  elarifjr 
this  rather  involved  plan  to  arrive  at  the  ey.iiaetrioal 
ourve,  -4hioh  vould  have  been  obtained  had  a  true  ctone- 
•hroaatio  radiation  been  available. 

Jiaintegration  of  Complex  Uurvo 

OiiliHr  th«  photoaetrie  graph  of  the  ^bye-roherrer 
ring*,  tlM  baae  line  enrve,  and  the  "stripping"  faotora, 
it  is  now  posFlbla  to  disintefirate  the  original  pattern, 
•ad  raduoe  it  to  the  pare  form  as  deannded  by  all  partlole 
aaasorlxtg  e^nations*  Thir  derlred  fora  is  tha  hypothatloal 
eorve  or  ring  whioh  woald  h&vn  been  prodnoed  had  the  ex- 
oltlng  X-t*^  been  entirely  hoaofpanaons.  and  had  tha  air 
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ae;it  aoleoules  produced  no  soattorinp  affeot.  ?h«  ti" 
t«ot  of  »«oh  of  th«r«  oaaMi;  hap  been  dotur -nlned  an4  aagr 
now  \t9   ta)c«a  froa  the  oo-^poslte,  Isavlnff  the  (l«fllr«4  pat- 
tern. 

Oortiln  (isfTiiptlonff  ^•oedo  th«  ooaoloto  u-nrafollnn 
of  tha  addofl  afSeotn  of  the  fArlouB  eooro«»  of  rall'itton. 
/r««  ref«raaoe  vill  har*  I)  <  sade  to  /If^or*  13. 
Assoas: 

(1)  Intanvlty  of  r*ai.ktlon  froa  seat  and  »lr  Mlooalcs  Is 
proportional  to  thalr  roapcotlr*  dtneltioa. 

a  :  b  ::  i>«nBlty  of  air  :  J«in«lt7  of  Uoat. 
(,1)  ?olnt  "o"  (ng.lZ)  t»  not  infloanced  by  tho  j»\v 
ting,   bnt  roproaonte  m  polat  on  tlio  bar*  lino. 

(3)  Point  "n"  (on  tho  ourro  18.0  on.  froa  oontor)  thronfdi 
ahloli  to*  baso  lin«  paacoa  is  a  oonatant  proportion  of 
"h"  b«lo«  "a",  for  any  on«  riao  of  oryptal  fr^iwmont. 

(4)  The  oorre  dno  to  th«  Ko^  ri»diatlon  of  ooowor  is  a  dof- 
Init*  funotlon  of  tho  r.n.saatlon  ourro,  (.'Itt.lO)  for  *oy 
«a«  partiolo  sis*. 

A.Bcaaption  (1)  hiia  been  prerionrly  dleoureod  and  has 
baoB  fsacd  to  flTo  rauvonable  r«<>nltF.  ''asnaptlon  (2) 
la  bAMd  mvoR  a  atndy  of  tha  ganaral  ehapo  of  maag  aa^t 
ourTOP  (/lg.3).  The  point  "o"  (W  aa.  frtta  aantar  of  tha 
ring)  liTiparantly  fti-lle  oatPide  of  any  rlnit  affect,  and 

le  tuken  ii.8  one  point  on  the  baae  line,  .oiy  other 


I 


point  outelde  ths  iaflBeno*  of  the  rinp  proper  aiirfat  hare 
keen  relaoted  as  the  point  "o".     A  study  of  the  rwnaatlon 
oarTe  oonptraction  will  besir  out  the  ralldity  of  areuaptlon 
(3).     finiAer  (4)  AMWiftlen  alpo  folle«r  direotly  froa 
the  oonrtruotlon  of  the  ruoMfttion  enm  (Fiir.lO). 

It  wixi  he  noted  that  two  of  the  above  aemuiptionp 
wer*  Bade  on  th«  prvaif  of  a  partloalur  "partlole  rise*. 
TM.t  "portiole  plW  if  the  dloenplon  beiwr  laeaeured  in  the 
work;  henoe,  the  RBPO.jptianr  uced  in  fhe  aeaenreaentp  ;.re 
predioated  b.    ;    nreli*inary  knowledge  of  the  final  reimlt. 
rnoh  a  condition  remit*  in  «a  inttbillty  to  proceed  direot- 
ly to  the  R»al,  and  neoepBlt»tei>  an  eptiflMtion  of  the  final 
remit  before  additional  proirreea  aay  be  aeide.     Thle  le 
oxaotly  the  prooednre  followed  in  the  preeent  «ork. 

the  else  of  the  T*rtiole  1«  eptiiaated  ae  a  preliminiiry 
step  in  the  ne>uniregnnt.     Thlr  original  "(mewe"  then  flxee 
the  relations  in)  tand  (4)  abOTe.     'oint  "n"  if  located  b. 
referenoe  to  the  ptrltmlnir.ohart,  unrt  the  bave-llne  to  the 
proper  real*  (Mt  by  the  relation  of  T>olnte  "n"  and  "o" 
thrm^  h«th  of  <rhioh  It  Met  paae)  i»  drawn  thraa«h  polntp 
"a*  and  "o".     fhe  dlfferenoe  in  ordinate*  of  the  original 
■eat  ourve  and  the  uesaaMi  baae  line  le  plotted  laoedi  te- 
ly  below  the  original.     The  "ttripping"  faotore  are  ap- 
plied (jrig.  11)     and  a.  third  owe,   thie  tlJW  ooapleteljr 
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fr*e<t  of  th«  bu8«  line  wad  tb»   •ff«ot«  of  tb*  hoturoirenootta 
radiation  ie  otitaiaod.  Ii*ftai>re:2ent  of  tho  half-breadth 
of  thip  ouTTo  «h«n  pubPtitntetl  in  tho  reeoX^lnir  powor  fox 
ulu  givoa  a  "ralao'*  for  tho  partiolo  eito.  Bo*,  if  tho 
original  oetiaato  of  tho  partiolo  pIm  warn   aaonrato,  tho 
▼Mlao  arrlTod  At  bjr  the  above  proeoop  will  bo  tho  pauM  as 
tho  eptloato,  and  tho  partiolo  eize  aoasnroiMat  will  bo 
ooaipleto.   If,  however,  tno  original  iraopp  was  inaoourate 
tbo  arrived  at  "value"  will  not  oheok;  in  wbloh  oupo  the 
aeenaed  piso  wan  in  error,  and  tho  whole  prooopp  met  be 
repeated  outil  tho  orti^aate  ip  proved  oorroot. 

^loouorlon  of  tho  Uothod  BBplojrod 


This  aethod  of  polvinft  a  oomplox  probloa  la  of  oonrro 
not  as  direot  as  deFiri.ble.  However,  when  many  independent 
Variables  oonbine  to  produoo  a  sinftle  aeaenrable  effeot 
(tho  darkeninii;  of  the  photofrr^^phio  fila)  the  reparation 
of  tho  effeot p  of  e^oh  faotor  beoomee  a  t^t^   involved 
probloa  not  alwtiurp  ou.pable  of  any  polntion*  Tho  method 
here  oaployed  has  in  reality  been  one  of  synthosie  rather 
than  analypis.  Tbo  poparato  faotore  wore  in  theapolvss 
alnately  analyrod,  and  then  by  a  rovoreed  proeepp  built 
into  i>.   aomplex,  whioh  if  tho  proper  oleaeatp  wore  poleoted 
and  ooabined  in  the  proper  proportion  would  ropult  in  the 


original  J«tey«-'.  ohsrrar  i^ttera. 

Sow  Tcry  rasent  InrertleatorB  ba.rm  (raatly  aliilialMd 
the  eompltxlty  of  rliallar  pro>ileiap  ttjr  Isffeniocpl/  o..rryla«r 
ont  the  photejtrftphlo  orerctionr  In  nn  atmoppter*  of  lijrdro- 
g«a  rather  thna  air,  mni  by  crlac  X-rajre  refXcoted  froa 
rook  eaXt  aa  e.  rooreo  of  aono'-ohroaatlo  radiation*     Th« 
writer  bellpver  that  rooo  pueh  oxpedleat  le  hlirhljr  dorlrablo 
la  worklnr   rlth  rer/  fine  colloidal  partlcloe  of  Xo»  atoialo 
vtlfrfct,   for  In  thlr  cure  the  radiation  from  the  air  ^^lone 
far  exoeedp  the  rlnjr  Intenrlty,  and  the  OTer-lftr^rlrff  of 
oonntloFP  wciTe-len^hp  renders  a  hlrrh  decree  of  aeauraojr 

Apparatar 

/or  the  InTeetlgatlon  of  the  oolloldal  nature  of  beef 
the  writer  wua  forta.  ate  la  haTlair  at  hie   dleporal  a  well 
ohoren  at!pe.abljr  of  x-ta^   dlffraetlon  equlinent.  ?hlp 
•qalfaant  ooneirted  of: 

(1)  the  X-ra/  tube,  aaller  :>letallx,  oopner  taritet. 

(<)  ikepeelully  deplgnea  ti^ble  with  tmbe  and  oaaera 
aonntlngs. 

(3)  A  ^eleotion  of  oaeeettea  (oaaerae  or  film 
holders)  of  Tarloas  typer  and  pnrpoeep. 


I 


(4)  An  arolllatinr  o.-yrtal  epeetropraph. 

(0)  7h«  high  t«nrion  Powsr  ftcd  Control  lult. 

aiKh  JeEFloc  £qttlTiiaeot«  The  hiph  tension  po»er  aad 
control  utJ.t  v»iu?  of  Zellfliy-Koett  d«rlgn,  trt*  aa«  Thir 
tmlt  contalnr  aa  oil  cooled  rirty  eyolo  traneforoor  with  a 
M«T|i^m«  rfitiae  of  2  £.V..-v.  at  60  t.Y.     Conpletely  fiurrotuid- 
lag  thlr  hlph  potential  eourco  Ir  a  oyllndrlo^l  aotal 
eonMrnctod  bjr  a  nt  icl  table  top  whloh  le   « 'Qlrpod  vith 
caaor&  wid  tube  B0BBtinf:F4  All  hlph  tension  leitdp  oro  on- 
olored  within  thlr  proteotlTO  oape,  Inolndinp  the  loudp  to 
the  high  potential  rldo  of  th«  tab«.  Vhe  Toltap»  produood 
by  tho  tr^-neforaor,  a*  woll  ae  tho  fllaaont  onrroot  to  tho 
tnte,  Ir  ad^urtod  at  tho  racaoto  eontrol  yaaol.  The  panel 
le  eqnippod  with  an  adjnetii.ble  olronlt  breaker,  a  mini— 
•ater  procemxe  cut-off,  rolttijw  regolatore  and  !i»et«re, 
fllaaent  rhaoptat.  and  the  tnbe  iiilllai«M«ter. 

XiRay  Tpib*.  >  Mailer  Mof^llx  X-ray  tube  adanted  for 
dlffraetlon  work  war  Bucd  np  th*  pencrator  of  th*  rayr* 
Thlr-  tabe  lo  of  the  hot  fllaaent,  crater  ooolod  typ«>,  and 
in  •qT^lpped  with  a  ooyper  anti-«athede.  The  tnb*  la  oo»> 
plotely  enolared  In  a  netnl  aad  fibre  phell,  and  oarrlea 
fear  eoall  ftlaaa  •lado»»  in  Ite  eentral  olronaferanoa 
throufth  whleh  the  i.-raye  leuva  the  tube*  The  tabe  ir  ao 
■oocted  on  the  table  ae  to  bring  there  four  vindowr  in  line 


with  t2w  four  ::li^  or  fijuhol*  iuruoobXica  wiUuh  oro  ulso 
suontcd  an  the  ttiJilfe.  OrlgixwIV  tU>  Ligii  toucioa  oturant 
wie  reotlf l«d  t«;  taimuia  a£  u  L.st<-^ilMiaimt  •Xsotrunio  v«vXva» 
TblB  aoxiXlary  rsotiflsr  fb,llaJ  nwhi>aia»*Ily  undtir  th* 
luflBiBiM  of  the  bmt  csiwre.t»d  in  oysrutlon,  kMX  <ma  r«» 
plao*d  Iff  b  beuvy  eoyper  »lre.  jo  dlpoornlblo  u.f:?«at  In 
tte  openttion  of  the  ttibe  raur  lioted  uftcr  thie  olwi^, 
all  Atrther  work  vts  done  urlnr  the  ctRreotlflo:!  onrrent 
dlreotljr  on  the  A-rciy  tai«. 

ataamBltie  hcaii^nt.     The  plMttompblo  oqulpcMUt 
ooupirtF  of  the  folloiriof: 

(1)     A.  ret  of  four  flfet  oairnctteB  derltne:  to  nt 

flndr  on  the  caBwra  iKXtntleffrt  snd  to  hold  the  flla 

to  the  X«>rajr  tens*    The  face  of  theee  eateettes  «u  covet 

■1th  liKht-proof  hlaok  t*V»  to  la-eteot  the  filar  fron  ell 

bat  X>rudl6tJon« 

(8}     Two  te<ni>elrffBlar  e&eeetter,  r.ot  v.!;:  1  :  thle 
work* 

(3)  Qlrwiltur  oAe<>ette  abde  of  hraee  and  eqiftiTCied  with 
»  leed  lined  pinhole  opening.     Xhir  o«eer«  with  elii^t 
reaodeliag  wae  eonverted  into  the  Taooom  o&oera  preTlouply 
■eatioaed* 

(4)  A  iMrecR  type  or/etal  epeotrograph. 
(6)     i>eTeloper,  fixer  and  wueblac  twoke,  filw  holdere,] 

eoltttiooB  end  JL-rajr  filMi. 


BKp«rlDWBt»l  iJlffloaltia* 


Kaeh  could  be  arltttn  octcifmlne  the  ncltltade  of 
lalftiOaer  iae4«  In  tbB  ecfljr  T*rt  of  ttin  w<m1c  due  to  a 
Xlialtod  kjio«Iede«  of  the  proportior,  and  the  Ifcol:  of  prne- 
tlo&l  «i«ricm!C  with  th«  H-rt^B*    a  large  pl-jaxe  of  the 
firet  thr««  aontba  labors  smrt  t»o  dotltefl  to  the  develop- 
aaat  of  a.  certain  degree  of  r^dlogritplilo  toohni/pie- 
otiiteiMnt  or  -  fa-J  of  tho  dlffloultlee  onoovnterai  in  the 
^e»t  for  reliaVilo  ^uuiitittttiro  photofiraphr,  and  their  rol-^ 
utloos,  aunt  hero  euffioo. 
il)     l.tary  yreeaatlon  ehoold  be  Uiixa  to  avoid  hr lading  oaf 
pckrt  of  the  operator*  body  in  the  path  of  tho  dlreot  ragre* 
Ihlrtr  seoande  of  nioh  experleaoe  ronnlted  In  deep  burns 
and  peroKinent  eo&r  tle?ue  for  the  nrlter* 
(2)     Svery  aaaterlal  objeot  whleh  reoelvee  radiation  from 
the  tube,  dlreot  or  indlreot,  baooaes  a  Beeond-ir;/  swiroe 
of  radiutlon.     Thla  fa«t  i«  of  extroise  laiMrtanoe  in  the 
oaee  of  auaatlt<itife  dlffriotion  worX  "flth  a  weaUjr  radiat- 
ing Material  t  saoh  as  organlo  enbotiwoee )  where  eeoondary 
radiation  even  fron  tho  air  has  a  very  aijprealable  effeet. 
Coaplete  lead  houslage  about  the  oaaerae  were  eonstrueted 
before  a  uln^Xo  naeful  plotore  \iae  talcen* 
(3 J     the  tlae  required  to  expose  a  flXit  prop^'lyi  the  Tolt- 


H0e  •ml  oillllwi^Mi'iH;e  uced,  oairt  be  lU'tcrniited  \i^  trial. 
<.i't«u  ik  l»e\.  Xate&cb  plotiiru  siill  i  boflr  uoro  i.etali  ftxMi  In 
pk.rtIouIta-  will  ehow  tbu  trat  rrli.tive  lnt«r»elt;l«ii  of  viirl- 
ouo  pwrts  bttttor  tbiji  a  di*rl»r  photogrupih.     ?!»•  used  in 
priiotioo  Tfajrlojs  from  ti  f*«  laiatttee  to  thlrtj  or  tiora  hour«» 
(4)     21»«  •clwJtion  of  irilt«rt.  aoj  be  o?  iruportujio*..     r^ipwf* 
satUTiitavi  vricii  uiolwl  tMlte  cp^'V  ^o^  ubporptlon  sjitll  tli* 
iMato^  ths  absorptlOB  1mrB«4  liol«r  throng  ttma.     nioI»l 
-oil  wiB  :rouad  to  be  aoiirlir  ide&l  ia  tha  oupo  of  the  eopp«r 
lurget  tuttj  to  filter  out  *11  but  the  3:o{  lino  of  ooppar, 
{&}     Iho  oorering  oror  tho  filns  in  tlw  ouopettep  f or  tho 
gac^tm  of  •»jla4ias  Tisibla  llgbt  and  pasplng  X-rayn 
aaj  play  &a  iaportvjfit  part  in  r/roduolng  good  pattatTis. 
original  alttainuD  foil  oamrlagf  mro  found  to  absorb  iMr%^ 
of  th»  aiffriiotod  r<VB.     J^»o  thiotaoaBOit  of  blaok  tiai»«r 
wr»  3ubi>tltdtsa  for  the  fii>ll  aoraring*,  and  diffraotlon 
pibttaraa  ooold  ba  obtainad.     Uottling  affaotr  on  the  it- 
valopad  fllae  proved  to  ba  due  to  glue  batwaen  the  two 
!»para.     One  thiaioioer  of  blaok  p^par  was  then  eubatitutad 
«ith  good  ravalts. 
(6i     7ory  little  trouble  was  axperianoed  with  the  darelopar 
aod  "Itype*  eolations.     7haea  eolatioas  rasaliied  good  for 
MTorxl  aoatk*  (water  being  added  oooaeloaalljr).  aad  wwra 
atill  good  «hen  dieoardad.     ^ai  photographio  worJc  auat  b« 


Aoaa  la  lnt«A««  darjuises* 

(7)     £lao«  tbrct  or  four  photographs  4r«  t«Jc«fl  at  oao  tloo, 
a  t/»t«a  anet  b«  developed  to  avoid  "tvltohlo^'*  t'no  fllaie. 
Xhls  thkt  Ameapllthed.  ^  haTl&ff  ld»atltyla(r  a^rkr  on  oaoh 
aassotto  »hlah  would  aatooiatioallf  riooid  on  th«  fila. 
(6}     AdJastMct  of  th«  plnhoK  airoabllc*  to  jAne  a.  ttutrp 
and  latearo  ponolX  ol  t^dlatlofi  ro(OlT*£  lt£-ai;  Into  an 
ord*«i.  of  trl«a  u£d  error,  nric^  b.  flnoroiofat  roresn  to 
guldo  th*  A«uilpiiXii.tioiic«     aOifiOTfel  of  0£e  or  t.ctb  pinhole 
"place"  vlll  toi.cll-ier  a;iLt&rl<tll/  t-ld  Ic  k.  prellulcury 
aAjaetaMCt* 

{Hi     iiTOlblBg  th4!  effect  of  direct  rtdlntlozi  Ftrltinc  the 
fllB,   kith  the  rerBltUtit  luttupe  lltuik.  cuitrel  p»xte,  le 
*•— apllehe     b^   tixUis  a.  ssbll  le^d  e&p  on  the  fll^  holder 
lit  euuh  b  pO£ltlo&  US  to  e*>.tcti  the  dlrcet  tetitt.     hx  plaolog 
»  wwXl  plvce  of  the  f luoret  cent  eere«ii  In  tbir  Ico^d  sap 
t.  ver^  uobVktiieiit  vicubl  chuck  oC  the  pliihole  tlif^taent  le 
ekt>klu«d.     I'tB  ioiugoija$;  F^ct«a  atsoeetlti^tet  crli^  the 
kUiik.  ku.icr^  cai.el!.ti.t.uXy  <*t  o&e   piiUioIe. 


Hethode  of  StndylSK  Heat* 


frepttration  of  ^jomples  and   Taking  of  Photographp, 
Searing  In  oilnd  the  faets  pointed  out  In  the  paat  eeTeral 
paracraphc,  whloh  refer  to  dlfiruotlan  work  In  general, 
••bat  more  should  be  raid  of  the  methods  ured  In  etody- 


Iflft  OMttt.  '.tt«aptF  ware  aade  to  iwt  jel»jr«-^  oherrer  rinir 
from  froFh  ondried  :a«&t.  bnt  all  effort*  in  that  dlroetlon 
proTou  fraitlere.  raaplaa  of  iMat  wer*  thon  drlod  at  9b* 
Oontlgrado  in  a  Taoutua  oTen,  d,nd  «*r«  foima  to  piv«  (rood 
xUtgtm     It  was  beliavad  that  tha  haat  thara  naad  ironid 
r*ry   probabl..  dai>troy  tha  orifrinal  rtraotura  of  tha  naiit  ^~ 
aoagttlatlnfr  the  prot«ini<.  ?harafora  that  aathod  war  dlv- 
oarded  io  faror  of  a  ouoh  better  one;  thut  of  drying  tha 
aeut  oold  oTor  oonoantrated  rulfurio  aoid  In  u  vuouua  deelo'- 
eator.  Thle  method  proTOd  to  be  qnlte  rapid,  eoaplata,  and^ 
to  plva  a  produot  with  (cood  kaaplng  qualities. 

In  taking  tha  photoffrraphr,  a  thin  rlioa  of  tha  dried 
Mspla  (0*6  taa.  thiek)  wus  plaoed  over  the  outer  pinhole 
(0.04  OB.  diameter)  and  held  in  place  »ith  a  little  «ax 
whioh  w»,e   carefully  kept  oat  of  tha  path  of  the  ray.  The 
film  holder  nat;  then  udjUFted  at  fire  oentioetere  dirtance 
from  the  pinhole,  and  normal  to  the  direot  ray.  The  tube 
■ue  operuted  at  about  eighteen  Btilliaaparac  and  at  thirty 
kiloToltr  for  a  tiaa  varying  from  t-w  to  four  hourp  in  noet 
caree.  i;>et«een  tha  lead  dives  of  the  pinhole  rysteitt  was 
plaeed  a  thin  sheet  of  rolled  nickel.  7ha  nickel  foil  Tery 
affeotlTaly  reaioTed  all  intenre  lines  from  the  X»ray  epeo- 
tmia  except  the  £.^lina,  whioh  wae  but  elightly  affected 
and  which  was  to  be  nsea  in  tha  aaaeuraaants  (Tea  Plata  XI). 


Plate  XI 


Cotton-Seed  Heal 


Navy  Bean 


Mannit  Powder                                        Elastic   Wax  I 

0.0       0.5       1.0            1.5  A°  ^^M 

r^H^^^^P^P'*  ll  |9  Unfiltered  Hadiation  ^^B 

I  ^^^^^^^^^^HIB                                     ffadlatlon  ^^M 


Oood  ring  pattarne  «*re  otitained  from  tha  owata  bjr  follow- 
ing thle  proooduro. 

UouBareiaent  with  -loro-photoaeter.  Aftor  a  good  olour 
photograph  wus  -aade  it  beofuno  nooofpary  to  oonve  y  tfco  in- 
fonaution  thoro  oontalned  to  a  graph  or  ourv*  that  it  aii^ht 
%•  Ptudiod.  Tho  d<£Firod  graph  was  on«  whioh  would  phow 
tho  intoneity  of  darkening  of  the  film  at  each  point  along 
■ooe  ohoron  radiur  of  the  ring,  and  thur  oialce  porrlble  the 
■eacnreaent  of  the  half-hreadth  of  the  ring  (i^ig.S). 

To  eerre  tltiF  fofiOtion  a  laioro-photoaeter  war  built. 
AC  the  aaiae  implies,  the  miorO'-photoiaeter  ie  an  inrtruiaent 
depigned  to  iaeaeure  the  light  transmitted  through  eaoh 
point  ^long  a  line  on  the  film,  and  thar  gi^e  a  gra^io 
oroBB-eeotion  of  the  optieal  denrity*  After  reveral  futile 
attaaptp  to  are  a  polarising  photoaeter  in  oonjunotion  with 
»  miorooMter-t^niiororaope  oarriage,  and  later  effortp  to 
oonptmot  ettiiPitive  photo-eleotrio  eleoente  for  the  paae 
porpoee,  a  very  patiefuotory  instruiaent  wub  evolved 
•imilar  to  t)-^t  shown  by  Clark  (&)• 

The  Bioro-photometer  in  itp  final  form  ip  ehown  in 
jfignre  2.  ^>  twenty-one  oandle  power  automobile  head-light 
bulb  operating  on  a  oonetantly  oontrolled  ourrent  frooi 
Edieon  oellp  fornleheti  the  non-varying  light  ponroe.  Tbe 
ligbt  after  being  liaitei^  b^  a  email  oiroular  aperture. 


pasasa  ttaroufth  a  X«ne  «/st*«  and  Ir  broairht  to  a  ebarp 
fooup  about  OBO  Inah  in  front  of  tbo  photo-olootrlo  ooll 
(ttoflton  Photvonlo  .'Oil.  ^odol  694).  IcMMdlatoly  in  front 
o£  tbo  406ton  0*11  le  riitidly  fixed  a  mioro.nater  stlorovoopo 
oarriafto  fittod  with  a  film  holder  whiob  iff  po  adjartod 
that  tho  lifcht  ooiaoe  to  a  rharp  foono  ae  it  nasFOs  thronph 
the  film.  The  tranaoitted  light  falle  on  the  oell  and  ie 
trunsforaed  into  eleotrio  oarrent  whioh  aotuatep  a  very 
Boneitire  galTanoaeter. 

The  Jieston  oell  when  ured  with  the  proper  external 
oirottit  has  a  straight  line  relation  between  onrrent  ffrener- 
atod  and  the  ineident  light  intensity.  It  is  henoe  ideal 
for  direot  qoantitative  aoamtrwaent*  The  refleeting  gal- 
Tinnnitrr  was  plaoed  eight  feet  frota  the  soale.  aaking  an 
•ffootire  pointer  length  of  about  sixteen  feet.  7he  gal- 
Taaoaeter  used  was  a  Loeds  and  Sorthrup  inrtrnaent  (Cat. 
Be  7662)  with  a  rated  sensitiTity  of  S»6  on.  per  atioro- 
Tolt  and  with  an  internal  reristuuoe  of  12.6  ohsis.  Tt 
eetiiDuted  that  one  fire-hundred  thoupondthp  of  fall  sun 
light  would  giTe  a  defleotion  of  one  eoale  division. 

Bafore  aeaewrlnir  the  jebye-r  oberrer  pattern,  the  oen»| 
ter  of  the  ring  wtet  be  looated  and  taarked  on  the  filia. 
This  was  done  by  viewing  through  the  fila  a  oirole  of  Bi»>] 
ilar  eironafsrenoe  to  the  Jebye  ring,  the  center  of  whioh 
wma  Barked;  then  by  bringing  the  t»o  oiroles  into  jnxta- 


pOFition.  aurkinfr  oo  th«  film  th«  o«nter  of  th«  rln*.  Th« 
"oenter^d*  fHa  Ir  then  plaocd  In  th«  ailoroaeter  ollpa  and 
«4JaBt«(l  to  b*  in  tho  oxaot  fooue  of  tho  Xlrht  ray.  Tho 
aioroaotor  oarrlafce  It  rot  to  tho  aoro  mat.  and  tho  fix* 
■OTod  in  tho  olipo  to  brlofr  tho  oontoring  a»rlc  Into  tho  fo' 
otil  point  of  tho  llftht.  Tho  laioroaoter  1»  aovod  In  ono- 
half  allliiaotor  Inoro.aontr  aoroer  tho  flLa  (ttlonp  a  radius 
of  tho  ring)  and  tho  galranomotor  deflootionp  at  oaoh  pot- 
ting of  tho  aioroootor  rooordod*  It  hue  been  found  inort 
oonvonient  to  rooord  tho  galTanoaotor  doflootionp  dlrootly 
on  a  fcraph  of  puXTbjioaotor  deflootion  as  ordinate  Tornie 
dietanoo  froa  tho  oontor  aa  abeoiopa.  fir  virtue  of  the 
etruiftht  line  oharaoterirtioe  of  tho  ./eeton  ooll,  thlo 
"galTaaoaotor  deflootion  to.  dirpl&ooiMnt"  ourre  boooaer 
tho  "Intonflty  ▼»•  dlFplaoOnont''  onrro  whioh  Ip  deplrod. 
It  io  this  ourre  Ulg.   3)  tht-t  ie  oonridorod  to  be  tho 
"orif!in..l  ourve"  of  the  meat  pattern.   It  it   thiP  ourTO 
vhioh  louct  be  reotifiod  and  moasuroJ  before  the  oolloidal 
yartiole  Pise  Oi^n  be  detoriaiaod. 

■i.ir-r  ottttorinn  Jheolc.  a*  has  boon  eufrfroetod  prior  to 
thir  point,  u  blivnlc  or  air-Boattoring  pattern  wap  aado. 
In  talcing  thle  photo^aph  iaothod*  identioal  to  thoee  upod 
in  taking  a  BonMl  aoat  pattern  »ero  followed.  The  remit 
oat  pkotograph  when  oonverted  to  the  itraphioal  fora  by  tho 
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atoro-photoaater,  and  plotted  to  tha  ran*  abpolato  roiilo 
(elit&liMa  by  rattlnir  g^Vnaaamft  aoodlo  to  aoro  whora  tha 
fllB  w^e   anaxpoead.  I.e.  imdar  ttia  laud  oup)  as  «»•  tlM 
thaoratla<;il  &lr-aaat taring  ocrva  ( I,  s  — =-  -  ,i  .     ) 
aa  foojui  to  acraa  alaoat  parfaotly  (^iK.  9).  To  auka 
oertain  the  air  and  not  tha  daat  partiolas  In  tha  air  fMr« 
glvlBf;  thl»  ourva,  a  ma  van  aada  ualnfr  dried  and  filtered 
air  In  a  oloeei  Ottaara*  Tha  reralt  wi.a   in  every  way  oonrtar- 
able  »ltb  the  faraar  anrre.  The  remltr  of  ttie^a  naarnra- 
aentB  aere  t^en  ae  a  dlreot  vlndlaation  of  tha  methods 
teohnique  ared  throafrboat  the  work. 

roattering  i'aotor  of  uieat.  rha  "eoatterlnjs-faotorB" 
uMd  in  the  oalaalationo  aere  deterained  by  aaararlnft  tha 
intenpity  of  the  rayv  roattered  b:>  &  thin  eliee  of  tha 
dried  neut  at  all  aagi^ii   to  the  prinbtfy  beaa.  The  neaei>- 
sary  photograph  «ae  taicen  on  a  film  wrapped  around  the 
iJiner  wall  of  a  oylindrloal  metal  oaoara.  The  X-radlatlon 
entered  along  a  radlue  of  the  otofp  reotion,  ftrnok  the 
thin  eaapla  of  aaat  at  tha  oanter,  and  left  the  eaiaera 
throogb  an  opening  diaaetrioally  opposite  tha  entering 
point  wlthoat  aaklng  oontaet  with  any  other  aatter.  The 
•aaara  «as  attaohed  to  a  raouoa  paay  and  the  prarrore  halA ; 
at  about  two-tenthc  oentiaeter  of  aeroary  for  the  duration 
of  the  run  to  avoid  the  effaot  of  air-Foattere^  radiation. 


Tb«  film  (&ft«r  aareloplog)  wite  etudled  by  MAne  of  th« 
■loro-photomitcr,  and  th«  intensity  plotted  a^intrt  the 
•acle  to  th*  prliSMry  ray.  The  Intenrlty  relatlonp  wore  also 
plotter  ia  polar  ooordln^^toe*  wid  th«  "poatterlng  faotor" 
Mtwralned.  The  "rcittterlng  faetor"  ie  the  ratio  of  th« 
intensity  at  any  ancrle  (or  oorreeponding  diepl&ooaent  on 
the  filuk)  to  the  intenflty  of  the  radiation  parallel  to  and 
in  the  diraotlon  of  the  primary  ray.  I'ignre  4  ehowe 
graphioally  this  distrihation  of  tha  eekttered  radiation. 
The  onrve  here  obtained  ooaparea  olorely  with  that  chovn 
bj  aro*ther  (7)  for  alwainna  foil.  It  Tarlee  from  the  fom 
derived  by  the  Eleotro-aafrnetio  theory,  Iq.  =  Is  ^l+-i0P-ej  , 
in  that  it  iR  not  eymietrloal,  being  ouoh  aore  intenee  in 
the  direotion  of  the  priaiary  beaa. 

Ch^raoterigtiQg  of  -iadiation  Ueed  and  '"trlppiag  Purree. 
all  epeotraa  anulyeie  of  the  priiaary  X-radiation  eas  done 
•a  a  Bragg  typo  evoillating  oryetal  vpeotro^aph,  :aiina- 
faotmred  by  tha  J.S.  Hayes  oespany.  SztenelTO  shielding 
«ae  eppontlal  to  ;!iTe  iiaantitative  neaeoreaentB  of  the 
tpeotruia  obtained.  "Base  line"  deduotione  alao  had  to  ba 
Made  in  the  case  of  the  speotraa  aaaearaaaati*. 

(iualitatiTe  Btndy  of  the  apeatraa  revealed  the  ehortept 
save  prodaoed.  at  0.486  a*  ( oorreaponding  to  29  IL.V.),  tha 
Bilvar  and  bromine  absorption  edges,  and  MTcn  bright  lines. 


0£   the  e«Ten  llnaa,  ?!▼•  were  Identified  *p  th«  "I"  s«rl«« 
of  tua^pten  (8platt«r«d  froai  tha  fllaawnt)  aad  th«  rMata- 
Ittg   t«9  »e  t)i«  3^3  add  ICa^  of  aeppar.  la  addition  to  thee* 
dofiaito  ports  «»■  »l»o  the  geaeral  "white"  radiation, 
reuahia«  froa  the  chorteet  ware  length  oawsjrd.  i'iltorin^ 
the  i-ray  throiM^b  the  niokel  foil  retaoTeil  all  rirlblo  linet 
tat  the  K^  of  the  oopT>er,  •hioh  wae  Imt  tlightljr  akeorbed,^ 
Peaetratine  the  niolcel  in  addition  to  the  K,^  line  «ae  a 
large  proportioa  of  the  shorteet  of  the  rajre  and  a  ooneider- 
able  ehare  of  rayo  longer  than  the  K^  line,   late  XI  shova 
the  original  nnfiltered  ray  aad  aleo  the  marked  of feat  of 
the  filtration,  k  photograph  of  the  filtered  epeotrum  was 
mU»,   taking  erery  preouution  to  uTOid  otra/  radiation. 
Thle  oarofttll/  prepi^rtd  cpeotroa  was  aearared  (juontitatiTelj 
on  the  laioro-photonetor  to  deteraiae  exaotly  the  oharii^oter 
of  the  radiatioa  heiag  aeeu  ia  the  seat  analysis.  Jflgare 
fi  •iMWi'  graphically  the  reeolt  of  thece  taoatnureawate.  a« 
■•11  ae  the  relatiTe  eaergy  reprereatOi  in  the  one-teath 
Aagstrea  Unit  inoreaente. 

Ilaktog  aae  of  the  energy-  dietrihution  data  obtained 
froa  the  aboTB  aeaenreiMate  aad  the  reaatioa  whioh  partiolep 
of  known  size  voald  haTe  with  eaoh  ware  length  inoreaent 


1^ 
(aeoordiag  to  the  reeolTing  power  foriatla,  •>  =  -^ 

%km   law  a  ^  s  3  d  Sin  -»  ),  the  proTioasly  laeationed 


and 


Mri«8  of  eoapoelt*  oam»  ^*  l>ttHt  up.    Bjr  plottiuj?  th« 
stripping  fnotore  tha*  obtained  oorr8fw>ndln«    to  a  a«rt«la 
dlitMio*  irom  th«  •«%«  •galiwt  th«  as«Ba*4  ixurtlolo  «•!»•, 
til*  rtrlpplne  f^iotor  for  interrwaiate  el«ep  asy  1i«  road 
tT9»  tho  p«»h.     :iOT»titlon  of  the  above  woooduro  for  o^oh 
diattkaoe  froa  the  oentar  glreo  t!»o  ooiplate  Ttrlpping 
OurW  «r»»h  (*l«.  U).     On  the  eaae  set  of  ooordlnates 
IB  alec  plotted  the  U^s-e  line  faotor.     Thle  faotor  le  » 
aa^fr  Iv  »hioh  to  iwltlply  the  dletanoe  "h"  (J?lg.l8)  to 
arrlTO  at  the  dletwioo  "a-n",  the  dlfferenoe  In  Intensity 
betveen  the  original  outto  and  Ite  oorreapondlag  beoe  lin» 
a,t  »  paint  taelTe  milUifteterB  froa  the  oenter.     It  1»  thle 
polat  ••"  together  with  the  "•"  oa  the  original  eanre  at 
thlrt^-flTO  ailllaoteri>  fro»  the  eenter  that  perree  to 
looate  the  bate  line  with  rerpeot  to  the  orlrlnal  ocrve. 
Thle  huee-llne  factor  le  obtained  from  the  paae  pet  o' 
OBrree  as  it  uped  to  balld  «p  the  nerlor  of  etrlpplng 
faetore. 

■MMTweat  of  the  Partlele  :?lse 

To  unify  the  wmy  rtepe  In  the  particle  elce  Marnrc- 
laent  and  to  lllaptrate  the  procePP  here  nred,  the  following 
rMNHM*   Ip  given: 
(1)  Obtain  jcbye-roherrer  pattemp  of  the  dried  aeat  ccaplc* 


(5)  Oonv«i   the  jelif «-i  otMrrar  iMttitrn  to  a  grapblokl.  fttra 
b^-  ttw  ue«  of  the  ialOiO«ptiotogMt«r. 

iZ)     Uonnaot  thii  point  on  the  ourvc  twolTe  ullllaBtore  fr« 
th*  o«uter  to  tiie  point  tUirty-^^iTs  oiilliiMtorr  from  oontar. 
tjoraw  »  line  oeoiMoting  tbe  apox  of  tta*  ring  (17  an.  for 

tka  Boat)  to  tho  lii-^b  au.  lin«  at  sorontoen  ailliiHtors 
ttom  tbt  Mnt«r.     itoasuro  thie  distaos*  'li"  iHfm  12). 
(4)     JfrsB  tte  ganaral  ebapo  ancl  clop*  of  the  orifrinal 
ourrs,  acMUW  a  partioalar  partiolo  siM. 

(6)  ifind  on  stripping  ohMt  ths  faotor  ty  vhloh  to  itttltipljr 
tbo  "b"  to  ffire  dietunao  of  b&eo  lino  below  tho  original 
curro  at  12  bib.  frou  tho  oontor. 
(6)     Jodaoo  ths  baeo  lino  (/ig.  8]   to  aaoh  a  BOale  that  it 


will  paee  throngh  pointo  "o"  and 


rkotoh  tho  haso  line 


through  thoce  points. 

(7)  I>lot  difforenoe  of  ordlnatoo  hotvoon  oritrlnal  eorre 

and  kaee  line  bgainet  tho  dietanoe  froa  ocntor,  on  ebsm 

paper  ao  tbe  original* 

(6)  Uoltipljr  tho  ordinutes  at  eaoh  integral  oillioMter 

diatanoe  froa  the  oentar  bi  the  proper  etripping  faotor, 

oorreepondlng  to  the  bsouuMd  partiolo  siiM,  and  plot  the 

ne»  ouTTo. 

(9)  ;^eaeure  the  width  of  the  ring  at   one-half  nftTlia  ln« 

tonrity  und  apply  in  the  forwola  ^  Z  •rr,   obtaining  the  d^ 


fron  tta  "  ?k~dlctaao«  fron  ontor '  sr<iph  (i?le.  IS). 
(10;      If  th«  oaleuluted   "O*  ccr«M  o1of«1^  «ith  th«  m 
purtici*  rlao,  thit  ueeiuBytlon  wt?  oarreot.     If  tho  ofeloa- 
lat«d  Aiiuaat«r  vurlvo  apipraoltibljr  droa  the  ftseniaed,  r«7«*t 
th*  7Coa«rr  tieclcQiiie  with  etep  four  of  this  otttllae.    H«- 
pAut  uutil  the  wnxtosA  puxtiole  slso  elwolce  oloeel^  {within 
«bwt  U.S  A.0  throBiiuwt  thia  work)    with  tb«  Masarcd  thIu*. 

Tao  oorreotious  Taairv  set  baoa  na4o  by  tbir  frooasc. 
Tb*  4iwMt«r  of  tha  pinhole  tuni  th«  vurylae  dietttOM  of  th« 
rifls  p«rt«  fron  tha  pXahola  ham  baan  cagLeotad.     It  la 
baliaved  thbt  tbaea  two  fuotor«!,  working  in  opposition. 
will  partly  «oap«iea.ta  for  aueh  ether,  and  i^tio,   cince  they 
are  oonatant  tbroa^ioat  t^U.  aaaauranante,  will  not  altar 
tha  order  of  aaealtada  of  tha  particlee. 

Tha  paealhlllt/  azlatad  that  tl>a  p&rtiele  rise  thae 
deteraioad  oifht  he  that  of  fwiall  inarganio  orytitalr  of 
water  aeluhle  ealta.     7he  apaoa^lattioe  of  tha  partiolea 
w»8  fooad  to  be  4.73  ^*  M  aotapared  with  2.814  .^^  of 
aadlna  ohlorida.  hanoa  thla  poeelblllty  Meae  wnlikely. 
Hawerer,  a  aaaple  of  ground  aaat  waa  thoroagbly  laoohed 
with  wuter  to  reiaora  all  aolnblo  aatter,  and  the  dried 
■aah  Ujuara  aa  wall  aa  tha  ineoluble  portione  rahjaoted 
to  X«ra/  study.     The  portion  «hiah  »af  free  of  rolubla 
aaltt  gire  tha  noraal  aeat  pattern,  while  the  dried  aqneoaa 


£i>.i>otXon  gava  a  7«ttora  voaositlim  that  of  «  flto«.     To* 
rasolt  4ult«  dsflaltelj-  flxoJ  tlio  partiol*  eia*  %«ia( 
orvA  with  tha  bulk  o:7  th«  lasAt  wkl  aot  vitb  &  ohi>)it>«  Sarm»i 
ti.tS.oii  q£  THrloaa  iftlt  orysti>le. 

It  ali^t  b«  hMre  ziated  thut  oorly  «Mt*  ■•r*  run  oa 
TMrioua  ia»ate  iaoludiae  aroct  inw»ot,  flBb,  pork.  Button. 
b«cf  and  tauoaa  skia.     ^1  at  Xh»a»  rov«ia«(l  the  mum  bv*«*, 
lattiM  dlsttuio*  (d  iu  tbs  faruiXu.,  u^s  2  d  ria  «  },  wit 
la  •ztwrliMBtttI  vrror.     This  taX^mt  aoMq^Mtcd  fladlae 
a&kss  porel'ole  the  are  of  Um  vume  taf>r*  «;«v0lop«d  aad 


s  7.:i3  ) 


tb*  eaio*  r««olTlag  pwatx   oonatant  (  I  s  •^^-  y 
to  ■•amre  tha  partlelaa  Of  the  Twrloan  iM»ta* 

Ste  BMts  Bta41«d  In  thlF  work  war*  of  twalv*  hsad 
of  BtrcforA  osttl*  ruleod  h:,  tha  ijoXmuX  Utahaadiy  Japturt- 
■ant.  Thaaa  uxloble  wara  dlvidad  lato  aaverkl  lota  uad 
fed  differantly,  tha  objaetlva  of  tha  projaot  baincr  to 
detormlne  the  ralt.tiva  udvuntuper  of  rovers.!  fo«4iim  aath- 
odr  for  beef  Oiittle.  raff  lea  It  hera  to  Ptcte: 
lot  fiooibar  1. 

Anl»ilf  1^1,  1S6.  147.  ««d  148.  ^11  faad  of  grain 

and  Mttaa  aaad  with  t^lfulfu  hajr^  in  dry  lot. 
:.0t  Cunber  2. 

..nlat-lB  144.  136.  bnd  124.  rail  feed  of  Rrain  and 

ootton  eaed.  on  puature. 


Lot  liUAber  3. 

Aoliaula  136  and  149.     ^etnre  onljr. 
i.ot  Bniabar  4. 

ABlaalp  28  and  29.     Holrteln  ballp  fad  on    milk  only, 

in  ptalle* 
i.ot  IloObor  &. 

AnltMl-    AriBoar  .>urk  vuttor. 

Choialoul  :iB.'i  ?h/eioul  data  othor  than  partiole  clze 
dotorainatlonp  on  thore  aoat  raapler  wore  obtutnod  froa 
^r,  Jm  Urn  Hall  and  Ur.  H.   .(.  Ih>/  of  tho  Ohoalstrr  dOTxurt- 
mont,  both  of  whoa  btiTo  «erk«d  on  tho  bot>f  projoot* 

Hopulte 

Tablo  1  »howo  roTor^  of  the  pturtiolo  plao  dotoraln- 
atlone  as  oiilonlatoa  by  tho  jobyo-  ohorror,  tho  btiLgft,  and 
tbo  jtoroXTlnir  Powor  fortaalae.     fho  partlolo  pisor  phown 
ooro  aaloul»tod  by  the  roppootlTO  foronliio  npinfr  tho  paoo 
ring  bre&dth  in  ettoh  oaro,  and  no(rlootin<r  tho  pinholo  oor»i 
rootione*     It  will  be  poen  thu.t   the  y^ilner  friven  by  the 
.ioaolTinfc    'owor  f oranla  are  pretitor  than  tho  jobyo-'  ohorror 
ralaoe  by  about  tho  oa^M  aaount  ae  tho  ittLgr  Talaop  aro 
lower*     ull  forraolae  aro  in  fair  afi^eeiaont* 


Ueat 

Bragg 

D«by«-roh«rrer 

#121 

16.9aO 

17. 8A® 

#135 

14.5 

16.1 

#149 

11.4 

12.1 

Table   1.  Coaparloon  of  Particle  Fl»e  Kgnationp 

Heeolvlng  Power   Averaga 

19.Qi.o        17.9AO 
16.0  IS.l 

12.e  12.1 

Table  2  brings  together  all  of  the  data  oolleoted  on 
the  various  meat  eamploe,  in  deoending  order  of  particle 
eize.  Of  the  Tarione  eete  of  data  no  correlations  were 
found  except  an  apparent  perlodio  relation  between  the 
partiole  size  and  Turfaee  Jletribntion  of  rhrinltage  (Srapo- 
ration  per  unit  eurface  areu  during  ptorege).  This  cor- 
relation ie  beet  seen  in  graphical  form  (Fig.14).  It  will 
further  be  noted  that  anlaals  of  the  same  feed  lot  tend  to 
hare  the  saao  si«e  aeat  partioles.   In  this  regard  it  will 
be  seen  th»t  J^eed  and  Pasture  animals  (Lot  2)  144,  135. 
And  134  are  together  in  the  partiole  size  series,  i^leo   the 
milk  fed  bulls.  ?28  and  ^29  are  together  in  the  series 
when  fresh  and  oontinne  to  be  together  after  ripening. 
Hipening,  in  the  case  of  the  bulls  728  and  j29  resulted  ia 
a  growth  of  partiole  size,  a  fresh  sample  of  the  Armour 
iiarlc  Cutter  gave  a.   very  sharp  ring  pattern,  indicating 
large  particle  size.  The  aioro-photoaetrio  curve  oould  not 
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k«  ■Mweorvd  for  particle  rIm  due  to  Ite  Tory  poonllar 
■kapo.  Tlio  rlponod  i>amplo,  however,  retorned  to  a  normal 
{•m  and  appearc  froa  purtiole  aearureiaent  to  be  an  average 
beef. 

ConolttPlone 


Beef,  and  otlaer  (Mate,  vhen  properly  dried  poeeeee 
a  enfflolentl/  repilar  atoaio  or  aoleoular  iirr^^ngeiaent  to 
elYO  definite  dlffraotlon  effeote.  The  dletanoe  over  vhloh 
thle  regvlar  ttorFhalllnir  of  points  extend*  1p  well  within 
the  oolloldal  ruAfre,  and  quite  probably  repreeeat«  a  einfrle 
protein  moleonle.  ^irsoaing  u  oabie  Phape  of  the  paxtiole 
•Bd  oaloulatint;  from  the  density  of  the  dried  meat,  eaoh 
partiele  eontalnp  from  140  to  600  oarbon  atoiae  or  the 
weight  equivalent.  This,  if  the  partlole«  are  in  reality 
■oleoalee,  gives  the  meat  partiolee  a  aoleoalar  weight  of 
froa  1600  to  6000,  pofMwhat  lower  than  utmally  eptlaated 
for  a  oomplex  protein.  Thie  differenoe  a»y  be  due  to  the 
faet  that  the  pinhole  oorreotion  war  not  applied,  or  to 
•a  aetual  breaJcinir  of  the  noleoule  in  drying* 

iCroia  ring  radiur  meaeurement  it  If  oaloalated  for  all 
the  meate  rtodled  that  the  dlffraetlng  planes  are  i.7S 
»ngptroa  Unltr  apart.  Henee,  in  the  oaee  of  a  20  a**  parti* 
ole,  there  are  about  four  parallel  planer  produolnr  the 
dlffraotlon.   igain  apeuain^  the  oubio  arrangeaent,  the 
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atoalo  groapF  TWObably  lie  on  four  parallel  plwiee  In  each 
of  the  three  diiaeneionp,  making  a  total  of  64  point  groups. 
ilTlding  the  64  point  groupe  into  the  oorreepondln*  molecu- 
lar weight,  6000  (for  the  20  jJ>  particle),  indicates  each 
point  group  has  a  molecular  wei  ;ht  near  100,  oorreepondlng 
roughly  to  an  arerage  amino  aoid« 

There  eeeme  to  he  a  differenoe  In  the  elze  of  the 
colloidal  particles  in  Tarioup  eamploF  of  beef  which  l8 
-aearurahle  b;y  X-ray  diffraction  a»thode.  .This  wrk  indi- 
cates that  the  pi»e  of  the  colloidal  particles  is  some 
fuBOtlon  of  the  feeding  methode;  this  Is  not,  howerer, 
conolupive,  ap  it  is  taeed  upon  an  Insufficient  nuaber  of 
Muaples  for  generalization. 

Partiole  si«e  could  not  he  correlated  with  eleotrloal 
reciPtanoe,  turbidity  of  the  aqneoue  extract,  nor  the 
TOdlum-oalcluB  ratio,  a  somewhat  periodic  relation  between 
cTaporatlon  from  the  purfaoe  (rnrfaoc  JiPtribntion  of 
rhrinkage)  and  partiole  flie  arnears  to  exist,  although 
the  relation  ir  pub.leot  to  extreme  fluouatione  of  a  periodic 
nature,  a  general  trend  toward  lower  ehriniage  losses  with 
inareased  partiole  Pise  seems  to  be  sTldent. 

souuaT 

The  technique  necessary  to  produce  good  jebye-rcherrer 


n 
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piitteros  froa  b««f  was  d«T«lop«6,  and  th*  patternp  '^er* 
obtained  froa  the  aaiit*  t«  b«  etodlea.  Then  pattern*  were 
oonTarted  by  aeiuiB  of  the  otero-photoiBeter  to  a  grapMoal 
fora  for  iaeaBorefflent*  By  firpt  dlroounting  the  effeota  dne 
to  the  amorphoup  roatterinfr  from  the  aeat  and  the  air,  s^nd 
then  by  ttmo-rliut  the  effaot  of  all  but  the  X<^  radiation  of 
oopper,  the  nnaodified  jobye-roherrer  rizut  war  obtained  for 
■earareaent.  tieaenreaent  of  the  Half-breadth  of  thir  rinfr 
tOfether  with  a  knowledge  of  the  wciTe  length  being  need 
and  the  laean  ring  radiae,  oade  poerible  the  eiiloul:ition6  of 
the  yartiole  else  of  the  beef,  rtady  of  the  partlole  eiM 
•eaeareaMBte  in  oonneotion  with  the  history  und  other  ohar«| 
aoterirtiOF  of  the  meat  indioated  a  relation  between: 

(1)  Partiele  pise  and  feeding  aethod. 

(2)  Partlolo  else  and  the  ripening  prooeas. 
(SJ  Partiole  else  and  the  shrinkage  1o«p. 
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The  writer  further  extendp  hie  thankp  to  the  other  cMcibere 
of  the  Cheoiiptry  and  Phyeiee  Japartatente  who  aaterially 
aided  hla  in  hie  work. 
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